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CHEMISTRY 

CHE-10 : SPECTROSCOPY 

Time : 2 hours 	 Maximum Marks : 50 

Note: 
(i) Attempt any five questions. 

(ii) All questions carry equal marks. 

(iii) Use of log tables and non-programmable scientific 
calculators is allowed. 

Planck's constant, h = 6.626 x 10-34  Js, 

c = 2.998 x 108  ms-1  

1. (a) List the number of rotational and vibrational 
degrees of freedom for CO 2  and CH4. 

(b) Calculate the reduced mass and moment of 
inertia of 2D 35C1. 

CHE-10 

Given that 

r = 1.274 x 10-10  m, 
Mass of 35C1 = 58.06 x 10-27  kg and 
Mass of 2D = 3.344 x 10-27  kg. 

1 
3 

P.T.O. 



(c) The energy difference between two levels in 

the IR spectrum is 5 x 10-19  J. Calculate, at 

300 K, the ratio of number of molecules in 

these two levels. 

Given that k = 1.38 x 10-23  JK-1 . 

2. (a) Identify the symmetry elements of CH 13Cl. 

(i) Can it exhibit pure rotational 
spectrum ? 

(ii) Can it be optically active ? 
	

4 

(b) Explain the origin of two D-lines in the 

atomic spectrum of Na. Draw a neatly 

labelled diagram to show the transitions 

involved. 4 

(c) Explain why CO is microwave active while 

the isoelectronic molecule N2  is microwave 

inactive. 

3. (a) A strong absorption band in the IR region is 

observed at i7 = 2170 cm-1  for 12c 160. 

 Assuming it as a harmonic oscillator, 

calculate its fundamental frequency, v in 

units of inverse seconds and zero point 

energy in joules. 

(b) Discuss the effect of hydrogen bonding on IR 

absorption frequency. Comment whether 
dilution of the sample affects the spectral 

pattern in case of molecules that exhibit 

H-bonding. 4 
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(c) What are the selection rules for 

(i) a harmonic oscillator to show 
vibrational spectrum ? 

(ii) an anharmonic oscillator to show 
vibrational spectrum ? 	 2 

4. (a) (i) State the mutual exclusion principle.- 	2 

A2X2  exhibits two IR bands and three 

Raman bands; none of them occur at the 
same wave number. Further, one of the 
IR bands shows a simple PR structure. 
Comment on the structure of A 2X2 . 2 

(b) What are Rayleigh, Stokes and anti-Stokes 
lines ? Is the intensity of Stokes lines 
different from that of anti-Stokes lines ? 
Explain. 

(c) Explain the McLafferty rearrangement with 
the help of a suitable example. 	 3 

5. (a) State the Franck-Condon principle. What do 
you understand by the phrase "electronic 
transitions are vertical" ? 

(b) Draw a block diagram of a single beam 
infrared spectrometer. 	 3 

(c) State the selection rules that apply in the 
electronic transitions of diatomic molecules. 	4 
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6. (a) In NMR spectra, the proton of an alkyne 
appears upfield in the range 8 1.5 - 3.5, 
whereas aromatic protons appear downfield 
in the range 8 6 - 9. Explain. 4 

(b) Draw 	the 	NMR 	spectrum 	of 
N,N-dimethylnitrosoamine at low and high 
temperatures. Why are they different ? 

	
4 

(c) Which of the following would show an ESR 
spectrum and why ? 
	

2 

(i) *CH3  (ii) N2  (iii) CO2  (iv) .C6H 

7. (a) Discuss the chemical ionization method used 
in mass spectrometers. 	 2 

(b) Draw the ESR spectrum of a deuterium 
atom and explain the origin of lines. 	3 

(c) The following spectral data is obtained for a 
compound X. Find its structure. 	 5 
Mol. wt : 	108 (it is not an acidic 

compound) 
UV : 	 A max  at 254 nm and 

202 nm 
IR : 	 3420, 3064, 1500 and 

1455 cm-1  
NMR : (5, CDC13) : 3.85 (s, 1H), 

4.55 (s, 2H) and 7.25 (s, 5H) 

Mass : 	 m/z 108 (M+), 
107, 77 and 51 
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fdoli 14rd4(t. r ) . 

trtiTt 

R, 2017 

IRTAR 	 

Tft.R-44.40 : 	et5tW1 

Fizrzr : 2EIT4 	 37-R1W6V 3iW : 50 

*e: 
w 	q 3/4" 3W? q91 / 
(ii) Usti sm-f7 * 3 i flHM g 
ato Rfir twain.  WIT 37-51)7174-41 OTRW 	e-35 	* 	 

Wi#0"373 7?iatl 

R7flW Azrak, h = 6.626 x 10-34  Js, 

c = 2.998 x 108  ms-1  

1. (w) CO2  3 CH4  fleR 	3 chl-LIPq) *1cl/di 

Tra TiWn "Vt-44 WA I 

2D 35C1 i 1 	cl‘ H+41 	#34-1 1-11-1 	•71cci aTrEpt 
ch aa'''A 

Rtit Trza 

r = 1.274 x 10-1°  m, 

35C1 T1 KaRIF = 58.06 x 10-27  kg 3T1K 

2D 	AC4141 11 = 3.344 x 10-27  kg. 	3 
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3T4Kb ate 4 tr 	* Tr dwi 

5 x 10-19  J' I 300 K "R, 	RR1 4 

kitgqi 	arg:17 LacbiCici A.P4R I 

	

TRIT t 1 k= 1.38 x 10-23  JK -1 . 	 3 

2. 	CH3C1* rr1 	TfRitA viral*1-1T- T4 *1NR I 
(i) I1T 	0•1 Act Vi 	tic1)11 ? 

(ii) Z1T zr pur 	t tiencit ? 	 4 

(131) Na * 77fluj Acy-I 4 t DT3 	drirri 

oei 	*rr-4R I ftitU *WM@ c44 	 

i.1=49 	ct 	 aTriftrd 0'4R 	 4 

(T) 00-41(90-41*07 -% co 114.4 wkrr (IDA t AIR) 

ichi (-14-1*cNT 	t 3J N2 1:kkg 1 -1414-441 I 	2 

3.  () 12c 160* C•_,K,i   3T  -4c  k4-1. T, 2170 cm-1 7 

3r4F 3Ta*Tur 	-5r-4-NI-d 61(11 t 1 T4 ai-r-44 

Aim; 	 .;t>s 1 	 4 iv 
37-1%, v 3T t v 4 t-e4 	dwi 	et)oct 

-W-A7 

(w) aTw- i 3r4'44rvir aTT-Ifr 	m§A-1 31r4t7 

-511TF4 *r 	W-A-R 	*tf*R 	TErr 

	 aTritTq -sr-e4fff cht4 aic aTujaff ' 

citchtui etA- 	44'0 	te4 

-4-4c1u I 	 4 
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(TO (i) 641} m aTRIc 	k1cb i 	cr)4Arnal 

7410k*K4* 	 wir ftzriT ? 

(ii) 	3T504141c1Ma, 	111. chl-t1 ich 
etV-1 3F-‹* 	r1 	err atur Pep.' 

? 	 2 

4. (W) (i) xrcfcR 3itrw4R-  ,gia kviR.4 	

A2X2 	ar4Kw 	3t cTRF 
m44 	 AP5aT t; 1.14 	ct>14 	1Rw 
w#r-err 	-srehff Tei 6)(11 t 4ti 
airdfkw, -4-44 7w 3T-4tw4-4 WI PR 
	3Kftff cntil t I A2X2 	 

tilR .0* 

NO ta, 1:ftcf 3 m1 	4actki Itgi(r :Ert 	? 

RrY4V 113frall *1-  (nod! 	 1414acim baraff 

cflooi 	iitff ilcfl ? oent.s.en *AR I 

(IT) zwiT dqtv, 1 	 4i:tom/I 71=4- Ri.  
A. 011(911 *A7 I 

5. rice 	 "4c).4.04.1) *wool 

-15EfitTt 	aTrq wr‘kiiiv; ? 

NO 	)o -1%-pirtq 31.-4Kw 4avoiril 	aTbr 
efrti§ 

(TI) t-mtimp alusat 	etv 	*WWII 513.0) 

Wur Peoi RIR.1 	 I 	 4 
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6. 4.tvi A tr-4-4 3' 
AK S 1.5 - 3.5 IRM A 3-40fff 	 AGA) 
t)trew 	-14r 0-1*►1 att 8 6 - 9 

A 3 	I eentsql *tf'47 I 	 4 

N,N-sillic-pii*lt04-11.1 Tr AR WM 	ailK 
-6-fq TIK •TR*.7.3TR. 4etvi aTrIftim tri* I 

Afimwilt4 -4? 
(ii) 144-i1 	iZga A 4 AR.-4 	r.3art. 4arvi 7-4.10ff 

4)1;1 	? 

(i) -CH3  (ii) N2  (iii) CO2  (iv) .C61-1 

7. pe1 1-111 	4V-1 111 el .  A mTh titheif4 ,4) aTrzraR .  
Mr ‘-gi .6)N 	 2 

szkaikiii 	i.V1.311T. 	cto 
*I'NR 	lUffat 	3t-11 	-41 	*11-4R I 	3 

itk41 414 X  	P:1-4-441 31%-t 
3Rt V I 	icA- 	TM' *IN7 I 	 5 

31Tfii4W (3041-11-1 	 : 	108 Ng 	aWfizi 71r1 

Tel t) 
1 1 : 	 Amax  = 254 nm 

202 nm 
3rd{W : 	 3420, 3064, 1500 3141K 

1455 cm-1  

: (5, CDC13) : 3.85 (s, 1H), 

4.55 (s, 2H) at 

7.25 (s, 5H) 

: 	 raiz = 108 (11,1+), 

107, 77* 51 

(Tr) 
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